It has been possible to treat a DNA virus infection topically since the discovery of the effect of iododeoxyuridine (IDU) (4) , but some toxicity is associated with all drugs. When used topically in the eye, IDU has some toxicity, causing occasional corneal epithelial damage and retarding stromal wound healing. The topical use of adenine arabinoside (Ara-A) in humans has approximately the same toxicity and potency as IDU (6) . A more recently reported drug, trifluorothymidine (TFT) (5) , is the drug of choice for the treatment of corneal epithelial herpes because of its greater potency and comparable toxicity; however, it, like the others, is not completely selective in inhibiting virus DNA synthesis without inhibiting cellular events.
The search for a systemically active antiviral drug has yielded Ara-A. This drug is promising because it does not inhibit the bone marrow and does not inhibit the host immune system to any great degree. Ara-A was first shown to be active systemically in treating deep virus disease of the eye in a controlled double-blind study (1) and then in treating herpes encephalitis (9) . Even with this drug, however, interference with host DNA occurs, and the drug is toxic and not totally selective. A truly selective drug is still needed.
There have been many approaches to the search for biochemical selectivity in the treatment of virus disease with DNA synthesis inhibitors. Greer and co-workers (3) as well as our group used the fact that normal cells cannot phosphorylate a bromodeoxycytidine compound without deamination, whereas herpes simplex virus can, to give some degree of selectivity. The potency of this system, however, did not seem sufficient for a really promising drug.
Several 6 days with 50 mg of the sodium salt of acycloguanosine per kg. The severity of keratitis was graded on treatment days 1 through 6, and all animals were checked daily for 1 mouth after the start of treatment for the effect of acycloguanosine on the animals' survival of the viremia which results after ocular infection. Iritis study. New Zealand white rabbits weighing 1 to 2 kg were injected in the anterior chamber of both eyes with 0.1 ml of McKrae herpesvirus. The day after virus injection, treatment was started, and the rabbits were randomly allocated to one of three groups. One group was the untreated control group; one group was treated intravenously with 50 mg of the sodium salt of acycloguanosine per kg twice a day for 8 days; the third group was treated in one eye with 10 mg of the sodium salt of acycloguanosine twice a day by subconjunctival injection for 4 days.
All evaluations were done on a blind basis, and the iritis was graded on a 0 to 4 scale as follows: 1, mild iris hyperemia, clear cornea; 2, moderate iris hyperemia, clear cornea; 3, severe iris hyperemia, stromal haze; 4, severe iris hyperemia, moderate stromal haze, hypopyon, or hyphema.
Statistical analyses. Statistical analyses of the clinical grades of ulcers or iritis were done using the nonparametric Kruskal-Wallis analysis. This was done by Y. C. Patel of the Department of Biometry of LSU Medical Center.
Drugs. For topical treatments, commercially available IDU (Stoxil; Smith, Kline & French Laboratories, Philadelphia, Pa.) and Ara-A (Vira-A; Warner Lambert/Parke-Davis Pharmaceutical Research Laboratories, Detroit, Mich.) ointments were used. A 10% ointment of 5-iodo-5'-amino-2',5'-dideoxyuridine (AIU) was prepared in a white petrolatum base, the same as used in the other ointments. The acycloguanosine, TFT, and placebo ointments and the sodium salt of the acycloguanosine were supplied by Burroughs Weilcome Co., Research Triangle Park, N.C.
Virus employed. The McKrae herpesvirus was isolated on primary rabbit kidney cells from a patient with recurrent herpetic keratitis. It has been passaged a total of 14 times in either primary human embryonic kidney or HEp-2 cells. For keratitis studies, five times the minimal infective dose in the rabbit eye was used. For the iritis studies, the virus was diluted to produce an iritis which became clinically apparent the day after injection and which lasted approximately 14 days. The titer of the McKrae virus used was 1.6 x 107 plaque-forming units per ml; for the Hicks virus it was 3.8 x 107 per ml. The Hicks virus is a type II virus obtained from A. Nahmias.
In vitro assay. A dose-response curve was determined using monolayers of Vero cells in 4-ounce (ca. 0.12-liter) plastic bottles. The virus, in a 0.2-ml volume, was placed over the monolayer and allowed to adsorb at 37°C for 45 min. One hundred twenty-five plaqueforming units of the McKrae virus or 149 plaqueforming units of the Hicks virus was added to each bottle. After the adsorption was completed, both drug and complete media (containing basal medium with Earle salts, 2% fetal calf serum, glutamine, sodium bicarbonate, and antibiotics) were added. Methyl cellulose or agar overlays were not used because of the possibility that they might interfere with the diffusion of the drug to the monolayer. At 48 h, when the control exhibited discrete plaques, all the cultures were fixed and stained with crystal violet, the plaques were counted in an illuminator, and the percent inhibition was determined. The 50% tissue culture effective dose represents the concentration of drug that inhibited 50% of the plaques.
Two different viruses were used, the McKrae strain (a clinical isolate) and the Hicks strain (type II from A. Nahmias). The AIU did not go into solution at 37°C for several hours, but the supernatant from the AIU suspension was plaqued at 20, 15, 10, 5, and 2 jig/ml. RESULTS In a comparison of 3% acycloguanosine, 3% Ara-A, 0.5% IDU, and placebo ointments, it was found that the acycloguanosine-and IDUtreated animal eyes had statistically significantly less severe keratitis on treatment days 4 and 5 than did the placebo-or Ara-A-treated groups. There was no difference between the IDU-and the acycloguanosine-treated eyes (Table 1) .
When the acycloguanosine, IDU, TFT, AIU, and placebo ointments were compared (the grading was done early in the course of treatment to determine whether any difference would occur early), it was found that the acycloguanosine, IDU, and TFT were effective and similar. All promoted healing of the keratitis and were statistically significantly better than the placebo and the AIU treatments ( Table 1) .
The intravenous treatment of herpetic keratitis with the sodium salt of acycloguanosine allowed significant healing of corneal ulcers on all days that the eyes were examined (Table 2) . Treatment with the acycloguanosine also had a marked effect on the death rate. At day 9 after infection, untreated control animals began to die of encephalitis (Fig. 1) . At 30 days after the start of treatment, 23 of the 32 untreated controls had died, whereas only 8 of the 31 treated animnals had died.
The intravenous and subconjunctival treatment of herpetic iritis with the sodium salt of acycloguanosine produced a significant lessening of the iritis on treatment days 3 and 4 (Table 3) . By a nonparametric "sign test" there was no difference between the eyes of control rabbits and the untreated eyes of rabbits whose other eye received subconjunctival acycloguanosine. The subconjunctival treatment could only be given for 4 days because of the irritation, but the intravenous treatment did not appear toxic, and treated animals gained weight at the same rate as the untreated controls.
The in vitro testing showed that the 50% effective dose for acycloguanosine was 0.3 ,ug/ml In systemic use, the acycloguanosine was extremely effective in treating deep ocular infection. In addition, without apparent toxicity, it also prevented death. These studies indicate that not only does the drug have the kind of safety capability which one would hope for from a drug such as this, which is poorly phosphorylated by the normal cellular thymidine kinase, but more importantly it has a very high degree of antiviral potency while retaining this great safety factor. Although many more studies are required before human use can be contemplated, present studies indicate that this is an extremely active, potent, and relatively safe antiviral compound.
